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ðñò óô õöò ÷øòùõòúõ ûüúýóþòøüòú óô õöò ß0
th
 ýòñõuøy üñ mòõùlluø÷y wùú pøóbùbly mùûò by Alôøòû Wülm 
wöòñ òxplóøüñ÷ õöò ù÷ò-öùøûòñüñ÷ ùbülüõy óô Al-Cu ùllóyú. Töò úõøòñ÷õö üñýøòmòñõ ùøüúüñ÷ ûuøüñ÷ ù 
öòùõ õøòùõmòñõ üú ñów  ñówñ õó úõòm ôøóm õöò ôóømùõüóñ óô ñùñó-pøòýüpüõùõòú.  uýö öòùõ õøòùõmòñõú 
öùþò ñów úpøòùû õó mùñy mòõùllüý úyúõòmú ùñû ùøò üñûuúõøüùlly uúòû üñ ù wüûò øùñ÷ò óô ùpplüýùõüóñú 
ôøóm pùý ù÷üñ÷ õó õøùñúpóøõùõüóñ.  
Töò òùøly ÷òñòøùõüóñú óô ýùúõ ùñûwøóu÷öõ Al-ùllóyúwòøò
 mùüñly bùúòû óñ õöò Al-Cu-M÷, Al-M÷- ü ùñû 
Al-Zñ-M÷ úyúõòmú. Töò ùûûüõüóñ óô Lü ùú ù pøümùøy ùllóyüñ÷ òlòmòñõ üñ Al-Cu ùllóyú üú móøò øòýòñõ. Lü 
significan redces e aos densi ie enancing is ods De o 	is ig so
ii in  
üõ wùú pøümùøüly ùûûòû üñ lùø÷ò ùmóuñõú wüõö õöò puøpóúò óô ýøòùõüñ÷ öü÷ö úpòýüôüý úõøòñ÷õö 
(úõøòñ÷õö/wòü÷öõ) Al-ùllóyú ôóø mülüõùøy ùüøýøùôõú. Hówòþòø, õöò òùøly ÷òñòøùõüóñú óô Al-Lü-Cu ùllóyú 
òñýóuñõòøòû úü÷ñüôüýùñõ ûøùwbùý
 
ú úuýö ùú póóø õóu÷öñòúú ùñû póóø pøópòøõy úõùbülüõy, õöuú lümüõüñ÷ 




u øùõüó. Töò ýuøøòñõ ÷òñòøùõüóñ ýóñõùüñú lòúú õöùñ ï.8wõ% üñ Lü ùñû lòúú õöùñ 5wõ% üñ Cu wüõö 
müñóø ùûûüõüóñú óô M÷, A÷ ùñû Zø. Töòy ùøò uúòû üñ bóõö mülüõùøy ùñû ýómmòøýüùl ùüøplùñòú mùüñly üñ 










u ùllóyú öùú bòòñ ûøüþòñ by õöò ùppùøüõüóñ óô ù 
úõøóñ÷ ýómpòõüõóø õó mòõùlú üñ ùòøóúpùýò, ñùmòly ýómpóúüõò mùõòøüùlú õöùõ ùlúó pøóþüûò òñöùñýòû 
úóluõüóñú õó ùòøóplùñòúmùñuôùýõuøòøú
. 
ówùûùyú, lü÷öõòø úóluõüóñú ùøò üñ ûòmùñû üñ óøûòø õó øòûuýò 









ùllóyú óôôòø ùñ ópõümùl ýómbüñùõüóñ óô pøópòøõüòú úuýö ùú lów ûòñúüõy, öü÷ö úõøòñ÷õö, ÷óóû ûùmù÷ò 
õólòøùñýò ùñû þòøy lóñ÷ õümò pøópòøõy úõùbülüõy õöuú mù
 
üñ÷ õöòm ù pøümò ýöóüýò óô mùõòøüùl ôóø õöò 
ýuøøòñõ ùñû ñò
x




öò AIRWARE úóluõüóñ üú ýuøøòñõly pøópóúòû by
C
óñúõòllüum 
ùñû  ùûûøòúúòú õöò ýuøøòñõ ýöùllòñ÷òú ôùýòû üñ õöò ùòøóñùuõüý úòýõóø. Töò mùüñ úýópò óô õöüú  Pö 
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ThermoÚmechanicaltreatmentà Pre-strain Temperature Duration 
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Û
 microstrÜctÜre à Density/Diameter Thickness Volume Fraction 
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· Testandimprovetheexistingyieldstrengthmodels
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· Understand the strengthening mechanisms in terms of dislocation/precipitate
interaction
Tßù fiýüú üiö ÷f þßiû w÷rk iû þ÷ fuúúy øùûcribù þßù ûþrùýgþßùýiýg öùcßüýiûöû iýv÷úvùø iý þßù prùûùýcù 
÷f T
1
 prùcipiþüþùû. B÷þß ùxpùriöùýþüú üýø ö÷øùúúiýg rùûuúþû wiúú bù uûùø c÷ýj÷iýþúy þ÷ øùpicþ þßù 





























ûþrùýgþß wiúú üúû÷ bù øiûcuûûùø. Tw÷ øiffùrùýþ üppr÷ücßùû cüý bù c÷ýøucþùø þ÷ iývùûþigüþù þßù 
ûþrùýgþßùýiýg öùcßüýiûöû. Tßù øirùcþ üppr÷ücß c÷ýûiûþû iý ÷bûùrviýg þßù rùûuúþ ÷f üý iýþùrücþi÷ý 
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ÛÜÝÞÛßÝàÛáâ ãäÜ åàáÛÞàæÝâ ÛçÝ èéÚÙ êÝáåëàÞÛåäà áìÝæåãåÝá ÛçÞÛ ÛçÝ æäíê îäÜï çÞá åàêðæÝê Þ ìÝÜßÞàÝàÛ 
êÝãäÜßÞÛåäà ñÝÛîÝÝà òóÚ ôõö ÷øùó 
Súffiû letterü ýþ Oþ Hþ T or
W indicates basic
treatmentcondition
First súffiû digit indicates
secondarß treatment úsed to
inflúenceproperties
Second súffiû digit for
condition H onlß indicates
residúalhardening























 6ôõ/  çÞÜê 
  8ôçÞÜê 
  9ôÝxÛÜÞ çÞÜê 
W-Solútionheat-treated   
T-Heat-treatedstable
ÙôPÞÜÛåÞí  äíðÛåäà  àÞÛðÜÞí ÞëÝåàë  

øôAààÝÞíÝê æÞáÛ ìÜäêðæÛá äàí
y  

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3.4.2? Influence of the thermo mechanical treatment on the T1 microstructure 
íîï ðñ òóï ôðõö÷ ðñ òóï øùï÷ïîò úðùû ü÷ òð ýîþïù÷òõîþ òóï ùïöõòüðî÷óüø ßïòúïïî òóï T
1
 mðùøóðöðôy
õîþ òóï ùï÷ýöòüîô yüïöþ ÷òùïîôòó. Wóïî cðî÷üþïùüîô òóï mðùøóðöðôy ðñ òóï T
1
 øóõ÷ï, òóï ümøðùòõîò 
øõùõmïòïù÷ õùï òóï ñðööðúüîô: òóï îýmßïù þïî÷üòy, òóï mïõî þüõmïòïù õîþ òóücûîï÷÷ ðñ òóï øöõòïöïò÷ 
õîþ ñüîõööy òóï vðöýmï ñùõcòüðî ðñ òóï T
1
 øóõ÷ï. Tóï þüññïùïîò øõùõmïòïù÷ ðñ òóï òóïùmð-mïcóõîücõö 
òùïõòmïîò òóõò úüöö ôùïõòöy üîñöýïîcï òóï ùï÷ýöòüîô T
1
mücùð÷òùýcòýùï
 õùï òóï ñðööðúüîô: òóï õmðýîò ðñ 
cðöþ
 úðùû õøøöüïþ øùüðù òð òóï ñüîõö óïõò òùïõòmïîò, òóï òïmøïùõòýùï ðñ òóï óïõò òùïõòmïîò õîþ 
ñüîõööy òóï þýùõòüðî ðñ òóï óïõò òùïõòmïîò.
 
· Effectofpre-stretching
Iò ü÷ úïöö-ï÷òõßöü÷óïþ òóõò þü÷öðcõòüðî÷ õcò õ÷ øùïñïùïîòüõö îýcöïõòüðî ÷üòï÷ ñðù òóï T
1
 øóõ÷ï [ìë]. 
Cðî÷ïqýïîòöy, òóï øùïcüøüòõòüðî ûüîïòüc÷ ðñ òóï T
1
 øóõ÷ï ü÷ ÷òùðîôöy ümøõcòïþ üñ cðöþ úðùû ü÷ õøøöüïþ 
õñòïù òóï ÷ðöýòüðî óïõò òùïõòmïîò õîþ ßïñðùï õùòüñücüõö õôïüîô [ìë,ì4,ì5,ì6,ì7,ì8,ì9,20]. Cõ÷÷õþõ ïò 




 vðöýmï ñùõcòüðî üî cðmøõùü÷ðî òð 24ó ñðù õ îðî-øùï-þïñðùmïþ ÷õmøöï. Iî øõùõööïö, òóïy
mïõ÷ýùïþ òóï ïvðöýòüðî ðñ òóï yüïöþ ÷òùïîôòó õîþ ÷óðúïþ òóõò 4ó úõ÷ îïïþïþ òð ùïõcó øïõû ÷òùïîôòó 
ñðù òóï ñüù÷ò ÷õmøöï vïù÷ý÷
24
ó ñðù òóï öõòòïù ðîï
. 
I






üøüòõòï÷ õò òóï ïxøïî÷ï ðñ òóï ðòóïù øóõ÷ï÷
.





ü÷ îð öðîôïù òóï þðmüîõîò øóõ÷ï
.
 ÷ õ ùï÷ýöò
,











 üò ü÷ ümøðùòõîò òð õöúõy÷ õøøöy
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 õîþ   as een studied  ale et 
õö
. [ì6] ðî õî  A/C 458 ÷õmøöï. Aðù õ øùï-þïñðùmõòüðî ñùðm 0 òð 8%, òóï T
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õßöï ïò õö. [ì6] õö÷ð óüôóöüôóòïþ òóõò òóï ÷õmï võöýï ðñ yüïöþ ÷òùïîôòó cõî ßï ùïõcóïþ ñðù þüññïùïîò 
øùï-þïñðùmõòüðî÷ õøøöüïþ ïvïî üñ òóï T
1
 mücùð÷òùýcòýùï÷ úïùï vïùy þüññïùïîò.  ÷ õ cðî÷ïqýïîcï, üò 













































20 454 272.6 ì58.7 2.5ë 
 
ë
5 452 754.7 86.8 2.ì2 
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öý÷üðî úõ÷ òóï ÷õmï úüòó õ ñõ÷òïù ûüîïòüc÷ ñðù òóï øùï-÷òùïòcóïþ ÷õmøöï÷: ì00ó õò ì55°C ñðù òóï 
îðî-øùï-÷òùïò
c
óïþ ÷õmøöï vïù÷ý÷ ì5ó ñðù òóï 2% øùï-÷òùïòcóïþ ðîï òð ùïõcó øïõû ÷òùïîôòó. Tóï 
ümøõ
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 islocations forest These  islocations act as obstacles to the other moving  islocations, which 
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This hpter first permitted to deti the thermo-mehni tretments tht re ppied to the 
AA198 o	 
ith emphsis on the industri nd bortor	 ses tretments. The riti spet of 
these tretments on mirostrutur nd mrostrutur properties hs been highighted. 
e then gve n overvie
 of  the eperiment tehniques tht 
ere neessr	 to ondut the 
present stud	.
 It 
s emphsized tht  
ide rnge of tehniques 
ere neessr	 to hrterise the 
T

-phse urte	. The use of numerous tehniques permitted to hrterise numerous 
determining properties t different ses. The preipittion hrteristis, mehni properties 
nd pstiit	 mehnisms 
ere regrded. e 
i see ter in this 
ork tht the resuts obtined in 
these different domins often ross nd ompement eh other. The present stud	 is muti-se 
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(Gren ble) and  n a lab rat ry r tating an de (C   re).  ÑÕÞÑ àÞ àïÖ ÝÖÐÜÎÑÖÝÖÍàÜí àïÖ 
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on. Along this axis, one θ’ variant is also visible edge
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on, but in this area, only one θ’ 
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,2.99 ,3.91, …) (all in nm). 
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ôõ ö÷ø ùúûûøüøõö ýöþùúøý þýúõß D C oõ A-Cþ-Lú aoyý ö÷aö caõ bø ûoþõù úõ ö÷ø úöøüaöþüø 






 p÷aýø öüaõýûoümaöúoõý. T÷øýø ùúûûøüøõcøý aüø paüöy ùþø öo ö÷ø compøxúöy oû ö÷ø 
püøcúpúöaöúoõ ýøqþøõcø aõù úöý ùøpøõùøõcø oõ aoy compoýúöúoõ bþö aüø aýo ùþø öo ö÷ø ack oû 








 pøak úý coõýúùøüøù öo bø ö÷ø üøýþö oû ö÷ø ûoümaöúoõ oü ùúýýoþöúoõ 








 püøcúpúöaöúoõ ýøqþøõcø ùþüúõß ö÷ø üamp aõù öo caüúûy ö÷ø múcüoýöüþcöþüø 
øvoþöúoõ aýýocúaöøùwúö÷ ö÷ø ö÷øüma øvøõöý oû ö÷ø D C ö÷øümoßüam.




 [12]. T÷úý ûúüýö ùúýýoþöúoõ pøak úý püøýøõö ûoü ýampøý aö øaüy aßøúõß öúmøý, bþö 
ûaùøý away aý ýooõ aý T

 püøcúpúöaöúoõ occþüý (ýøø Fúßþüø 45. Aý a coõýøqþøõcø, ö÷úý ùúýýoþöúoõ 
øvøõö úý coõýúýöøõö wúö÷ ö÷ø püøýøõcø oû ýoþöø cþýöøüý úõ ö÷ø EoR ýampø, püobaby ýúmúaü öo ö÷ø 



























aüoþõù 280°C (pøak (B úõ Fúßþüø 48 waý ùþø öo T

 püøcúpúöaöúoõ bþö ö÷ø ýþbýøqþøõö øxoö÷øümúc 
øvøõö (pøak (C úõ Fúßþüø 48 waý õoö aýýocúaöøù öo ö÷úý p÷aýø úõ püøvúoþý üøpoüöý. ôõ ö÷ø püøýøõö 
ýöþùy
w

































































































úö÷ ö÷ø c÷aõßøý úõ öømpøüaöþüø aõù múcüoýöüþcöþüø. ôö úý õoö cøaü úû ýþc÷ a møc÷aõúým caõ bø 
o
p
øüaöúvø ùþüúõß püøcúpúöaöúoõ (coõöüaüúy öo püøcúpúöaöø ùúýýoþöúoõ. Howøvøü úõ oþü caýø wø ý÷ow 
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used 	urs r	und  nd hs 	ften een ttriuted t	 the f	rti	n 	f the S hse 	nl 
G÷oý÷ øö a. [34] ýþßßøýöøù üøcøõöy ö÷aö ö÷úý maúõ øxoö÷øümúc pøak, úõ ö÷ø 8090 aoy, coþù bø ö÷ø 
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 rising in 
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ûüýþß üttûmpts is howûvûý quûstionübþû üs T
1
 pýûcipitütûs üýû now ýûcognisûd üs bûing shûüýübþû foý 






























dûvûþopûd bß yiû ünd  uddþû [22]. This modûþ hüs bûûn onþß oncû compüýûd to micýostýuctuýüþ dütü 
[22]. Thûýûfoýû thûýû is ü shoýtügû of quüntitütivû micýostýuctuýû dütü üvüiþübþû to cýiticüþþß discuss 
thû üppþicübiþitß of thû diffûýûnt stýûngthûning modûþs, thûiý ýobustnûss ünd domüin of vüþiditß. Wû 
pýûsûnt in this ýûpoýt ü sßstûmütic studß whûýû ü widû ýüngû of T
1







































































































mûchünicüþ püýümûtûýs thüt stýongþß infþuûncû pýûcipitütion üýû: thû pýû-ügû stýûtch, thû hûüt 
týûütmûnt tûmpûýütuýû ünd thû hûüt týûütmûnt duýütion. Vüýßing thûsû püýümûtûýs is ü suitübþû 
üppýoüch to ýûüch ü þüýgû vüýiûtß of T
1


























































]. yümûþß, it wüs shown thüt üt  55°C thû thicknûss of T
1
 pýûcipitütûs ýûmüins constünt foý vûýß



































































dûfoýmütion on thû compûtitivû pýûcipitütion of T
1































(0%, 2%, 4% ünd 6%) thüt ýûsuþt in significüntþß diffûýûnt T
1
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compþû
x
. Wûwiþþ show in thû pýûsûnt studß thüt with ün üppýopýiütû choicû of üþþoß composition ünd 
thûýmo
-



















































) to mûüsuýû thû mûün diümûtûý ünd thicknûss of T
1
pýûcipitütûs. SAXS cün bû cüýýiûd 




























pýûcipitütûs. It wiþþ bû üppþiûd sßstûmüticüþþß in thû pýûsûnt invûstigütion to ýûcoýd thû T
1
 




n püýüþþûþ, thû ßiûþd stýûngth wiþþ 































modifiûd üppýoüch to T
1






. Material and experimental procedure 
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 ÜØÖÝÕ×ÞÕÙ ßÜ àáÙÝßÖ×ÞáßÜÙâ áÞ áÙ ãÕÝÝ ÕÙÞ×äÝáÙåÕà Þå×Þ æçÕèàÕéßçê×ÞáßÜ æçáßç Þß ×ëÕáÜë 
ëçÕ×ÞÝì ÕÜå×ÜÖÕÙ Ú
Û
 precipitation íîïðñîòó ôñ ñõð ðö÷ðïóð øù øñõðú ÷õôóðó óûòõ ôó üý øú þß Tõð îm÷ôòñ 
ßé æçÕèàÕéßçê×ÞáßÜ ßÜ ÖßêæÕÞáÞávÕ æçÕÖáæáÞ×ÞáßÜ ×Üà çÕÙØÝÞáÜë ÙÞçÕÜëÞå áÜÖçÕêÕÜÞ å×Ù äÕÕÜ ×ÝçÕ×àì 
çÕæßçÞÕà [7â8â9â10]. PçÕèàÕéßçê×ÞáßÜ àáçÕÖÞÝì áÜéÝØÕÜÖÕÙ ÞåÕ àáÙÝßÖ×ÞáßÜ àÕÜÙáÞì ×Üà ÞåØÙ áÙ ÕxæÕÖÞÕà 
Þß àÕÞÕçêáÜÕ ÞåÕ éáÜ×Ý Ú
Û
 ÜØêäÕç àÕÜÙáÞì. IÜ ßçàÕç Þß ÕxæÝßçÕ ÞåÕ çßÝÕ ßé æçÕèàÕéßçê×ÞáßÜ áÜ × 
ÖßÜÞáÜØßØÙ ã×ìâ ãÕ àÕÙáëÜÕà ÞÕÜÙáÝÕ Ù×êæÝÕÙ ßé v×çá×äÝÕ ÙÕÖÞáßÜ (ÙÕÕ FáëØçÕ 54×) Þå×Þ æçßváàÕ × 
àÕéßçê×ÞáßÜ ëç×àáÕÜÞ ×ÝßÜë ÞåÕ Ù×êæÝÕ àØçáÜë ØÜá×xá×Ý ÙÞçÕÞÖåáÜë. ÚåáÙ àÕéßçê×ÞáßÜ ëç×àáÕÜÞ ã×Ù 
Öå×ç×ÖÞÕçáÙÕà ×ÖÖØç×ÞÕÝì ØÙáÜë DáëáÞ×Ý Iê×ëÕ CßççÕÝ×ÞáßÜ (DIC) [27]. ÚåÕ êÕ×Ü æÝ×ÙÞáÖ ÙÞç×áÜ ×ÝßÜë ÞåÕ 
Ù×êæÝÕ áÙ Ö×ÝÖØÝ×ÞÕà éçßê ÞåÕ àÕéßçê×ÞáßÜ ê×æ ×Üà æÝßÞÞÕà ×Ù × éØÜÖÞáßÜ ßé æßÙáÞáßÜ ßÜ ÞåÕ Ù×êæÝÕ 
(ÙÕÕ FáëØçÕ 54ä). IÜ ßçàÕç Þß ÖßvÕç ÞåÕ ÕÜÞáçÕ æçÕèàÕéßçê×ÞáßÜ ç×ÜëÕ ãáÞå ÕÜßØëå æçÕÖáÙáßÜâ ãÕ ÖåßÙÕ 
×ææçßæçá×ÞÕ ÙÕÖÞáßÜ ëç×àáÕÜÞÙ ×Üà ØÙÕà ÞåçÕÕ áÜàáváàØ×Ý Ù×êæÝÕÙ. ÚåÕ ÞåçÕÕ Ù×êæÝÕÙ ãÕçÕ ÙØäjÕÖÞÕà 
Þß × ÖßêêßÜ ×ëÕáÜë ÞçÕ×ÞêÕÜÞâ ÖßÜÙáÙÞáÜë áÜ × ÙÕvÕÜèà×ì Ü×ÞØç×Ý ×ëÕáÜë ×Þ çßßê ÞÕêæÕç×ÞØçÕ 
éßÝÝßãÕà äì ×çÞáéáÖá×Ý ×ëÕáÜë éßç 18å ×Þ 155°C. ÚåÕ áêæ×ÖÞ ßé æçÕèàÕéßçê×ÞáßÜ ßÜ ÙÞçÕÜëÞåÕÜáÜë ã×Ù 
Õ
v
×ÝØ×ÞÕà ÞåçßØëå × ÙÕçáÕÙ ßé å×çàÜÕÙÙ êÕ×ÙØçÕêÕÜÞÙ ×ÝßÜë ÞåÕ ÞåçÕÕ ×ëÕà Ù×êæÝÕÙ (FáëØçÕ 54Ö)
.
Fßç 
ÞåáÙ æ×çÞáÖØÝ×ç ×ëÕáÜë ÞáêÕâ ÞåÕ çÕÙØÝÞÙ Ùåßã × ÖßÜÞáÜØßØÙ áÜÖçÕ×ÙÕ áÜ ÙÞçÕÜëÞå ×Ù × éØÜÖÞáßÜ ßé æçÕè
àÕéßçê×ÞáßÜâ Ùß Þå×Þ Öå×ÜëáÜë ÞåáÙ æ×ç×êÕÞÕç Ö×Ü ÕééÕÖÞá
v
ÕÝì ÖßÜÞçßÝ ÞåÕ æçÕÖáæáÞ×ÞáßÜ káÜÕÞáÖÙ
.
 Fßç 





















% (ÙÕÕ FáëØçÕ 55)
.
 ÚåÕÙÕ êÕ×ÙØçÕêÕÜÞÙ ê×kÕ áÞ æßÙÙáäÝÕ Þß ÙÕæ×ç×ÞÕ ÞåÕ æçÕÙÕÜÖÕ ßé Ú
Û





ß Tõð ÷úðóðïòð øù ñõð üý ôïd þ ÷õôóðó ô÷÷ðôúó ñø bð óîgïîùîòôïñ øïly îï ñõð ïøïèæçÕè
àÕéßçêÕà Ù×êæÝÕ (åáëåÝáëåÞÕà áÜ FáëØçÕ 55)â Ùß Þå×Þ æçÕèàÕéßçê×ÞáßÜ áÙ çÕvÕ×ÝÕà Þß äÕ × ÜÕÖÕÙÙ×çìâ 
äØÞ ÙØééáÖáÕÜÞ ÖßÜàáÞáßÜ éßç Ú
Û
 Þß àßêáÜ×ÞÕ ÞåÕ æçÕÖáæáÞ×ÞÕ êáÖçßÙÞçØÖÞØçÕ áÜ AA
2198.
 IÜ ÞåÕ éßÝÝßãáÜë 
æ×ç×ëç×æåâ Ú
Û
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n this section the precipitation inetics an reate strenthenin rin aein at 	

 wi e 
presente
 for the three seecte ees of pre-eforation nae 
 
 an 	 he 

 
precipitation inetics was foowe in-sit in  for these three conitions napshots of the 
continos recorin of  iaes are shown in ﬀire 
6 for the three eforation ees an 
seecte aein ties ear increasin the ee of pre-eforation rests in a faster precipitation 











































 fro the  iaes an are 
potte in ﬀire 
! s epecte a hiher pre-eforation "an therefore a hiher ensit of 
nceation sites# rests in a faster inetics an saer ean 



















































!c ispas the eotion of 

 oe fraction etracte fro ﬁ theroras foowin 
the etho etaie in ﬂ$ﬃ ﬀina the inforation on iaeter thicness an oe fraction 
aes it possie to eaate the ner ensit & of precipitates per nit oe: 







ean thicness an ia

eter an
 ?? is the oe fraction of  precipitates 
"the fitte fnction shown in ﬀire 















































































ost an orer of anite an ths in ean 



























































continos cres are JMK tpe fits ﬂ;ﬃ appie to the ata One can notice that a siiar ie 





































































etween these two para
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?@ BEGHE LB NBGHQ RUUVERLHQW LXH WYHQG ZLEH@\LX H^BQVLYB@_ LXH ZXHRER`QH zHRLVEH Bz LXH {
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R@ R@LY}XRZH `BV@GREW  RZ GH}YULHG Y@ Y\VEH <R= 
ŁYH R@G VGGQH >> }EB}BZHG R NBGHQ GHZUEY`Y@\ LXH HzzHUL Bz LXH UEHRLYB@ Bz R }EHUY}YLRLHNRLEY 
Y@LHEzRUH B@ ZLEH@\LXH@Y@\= {XHW HZLR`QYZXHG LXH zBQQBY@\ H}EHZZYB@ zBE Y@LHEzRUYRQ ZLEH@\LXH@Y@\ 
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ÃHzY@Y@\ LXH B`ZLRUQH ZLEH@\LX Y@ LXH URZH Bz ZXHRER`QH }RELYUQHZ YZ GHQYURLH RZ NR@W UB@LEY`VLYB@Z REH 









































`HH@ EHUH@LQW EH^HRQHG LB B@QW BUUVE `W ZY@\QHZLH}Z >

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plasticit beha io r
 
The aim of this chapter is to et a etter nderstandin of the strenthenin mechanisms in terms of 
interactions et	een the dislocations and the T


precipitates. n the precedent chapter, 	e manaed 
to model the yield strenth y sin a model ased on shearin only. The model failed to predict the 
yield
 strenth only in the case of heaily oer-aed conditions sestin a transition from shearin 
to y passin that 	old occr lon after the pea strenth. We 	ill see that the oseration of the 
plasticity ehaior
 and eoltion as a fnction of the T


 inetics is a stron tool to et information 
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±²³´µ¶³ ·¸ ¶¹² º»±¼½¶·»¸ »º ·¸¶²¸³² ³¹²½± ¾½¸¿³À Á»Â²Ã²±Ä Å²³Æ¹½¼Ç³ ²¶ ½µÀ ÈÉÊË Ç±»Ç»³²¿ ¶¹½¶ 
³·¸Ìµ²Íµ½Î²± Ï
Ð











Ç±²Ã²¸¶³ ½ µ»Æ½µ·³½¶·»¸ »º Çµ½³¶·Æ·¶Î »¸ ½ ¼·Æ±»³Æ»Ç·Æ ³Æ½µ² ½µ¶¹»´Ì¹ ·¶ ¼½Î ³¶·µµ ±²³´µ¶ ·¸ ¶¹² 
µ»Æ½µ·³½¶·»¸ »º Çµ½³¶·Æ·¶Î ½¶ ½ ¼½Æ±»³Æ»Ç·Æ ³Æ½µ² Óº»±¼½¶·»¸ »º ³µ·Ç µ·¸²³ÔÀ 
Ï¹² ½·¼ »º ¶¹² Ç±²³²¸¶ Ç½Ç²± ·³ ¶» Æµ½±·ºÎ ¶¹² ·¸ºµ´²¸Æ² »º Ï
Ð
 Ç±²Æ·Ç·¶½¶² ¼·Æ±»³¶±´Æ¶´±²Ä ½¸¿ 
Ç½±¶·Æ´µ½±µÎ ¶¹² ²ºº²Æ¶ »º Çµ½¶² ¶¹·ÆÕ¸²³³Ä »¸ ¶¹² Çµ½³¶·Æ·¶Î »º ÑµÍÖ´Í×· ½µµ»Î³À Ø»± ¶¹·³ Ç´±Ç»³²Ä ¶¹² 
Ç±²Æ·Ç·¶½¶²Í
































»º Ç±²Æ·Ç·¶½¶·»¸ ÓÌ±»Â·¸Ì ³·¸Ìµ²Íµ½Î²± Ç±²Æ·Ç·¶½¶²³Ô ¶» ¹²½Ã·µÎ »Ã²±Í½Ì²¿ ¶²¼Ç²±³ Ó¼´µ¶·Çµ² µ½Î²± 
















































































¶²³¶³À Ø·¸½µµÎÄ ¶¹² Çµ½³¶·Æ ³¶±½·¸ µ»Æ½µ·³½¶·»¸ ½¶ ¶¹² ¼½Æ±»³Æ»Ç·Æ ³Æ½µ² ·³ ²Ã½µ´½¶²¿ ´³·¸Ì »Ç¶·Æ½µ 
¼·Æ±»³Æ»ÇÎ Â·¶¹ ÷»¼½±³Õ· Æ»¸¶±½³¶
 
½¸¿ Ö»¸º»Æ½µ ×½³²± óÆ½¸¸·¸Ì
 õ·Æ±»³Æ»ÇÎ ÓÖ×óõÔ »¾³²±Ã½¶·»¸³À  
 
 
. Material and experimental procedure 
Ï¹² ÑÑøÉðù ½µµ»Î Â½³ Ç±»Ã·¿²¿ ¾Î ¶¹² Ö»¸³¶²µµ·´¼ ú»±²ÇÇ² û²³²½±Æ¹ Ö²¸¶±²Ä Ø±½¸Æ²Ä ½³ ±»µµ²¿ î¼¼ 




ù ½µµ»ÎÀ Ï¹² ³½¼Çµ²³ Â²±² º·±³¶ ³»µ´¶·»¸ ¶±²½¶²¿ ½¸¿ Â½¶²± Ò´²¸Æ¹²¿À û·Ì¹¶ ½º¶²± Ò´²¸Æ¹·¸ÌÄ 
¶¹² ³½¼Çµ²³ Â²±² Ç±²Í¿²º»±¼²¿ ¶» ½ Çµ½³¶·Æ ³¶±½·¸ »º øÀîüÀ Ï¹² ³½¼Çµ²³ Â²±² ¸½¶´±½µµÎ ½Ì²¿ º»± 
³²Ã²¸ ¿½Î³ ½¸¿ ¶¹²¸ ½Ì²¿ ·¸ ½¸ »·µ ¾½¶¹Ä ³¶½±¶·¸Ì Â·¶¹ ½ ¹²½¶·¸Ì ±½¼Ç »º øñ ýÀ¹
þ
Ð
 ¶» ÉîîïÖÄ º»µµ»Â²¿ 
¾Î ½ ¿´Çµ²í ½Ì²·¸Ì ¶±²½¶¼²¸¶ º»± Éù¹ ½¶ ÉîîïÖ ½¸¿ ¶¹²¸ ÉðñïÖ Ó¶²¼Ç²±½¶´±² ±²½Æ¹²¿ ·¸ 
½ÇÇ±»í·¼½¶²µÎ î ¼·¸ÔÀ Ï¹² ³½¼Çµ²³ Â²±²
Ò
´²¸Æ¹²¿ ·¸¶» Æ»µ¿ Â½¶²± ½¶ ¿·ºº²±²¸¶ ¶·¼²³ ¿´±·¸Ì ¶¹² ¹²½¶ 
¶±²½¶¼²¸¶ ½¸¿ ½¸½µÎ³²¿À 
 












































































Æ¹»¶¶ÕÎ º·²µ¿ ²¼·¶¶²± ½¸¿ »Ç²±½¶·¸Ì ½¶ øññÕúÀ Ï¹·³ ·¸³¶±´¼²¸¶ Â½³ ½µ³» ²Ò´·ÇÇ²¿ Â·¶¹ ½ ³Ç¹²±·Æ½µ 
½¾²±±½¶·»¸ Ö³ÍÇ±»¾² Æ»±±²Æ¶»±À Ï¹² º»µµ»Â·¸Ì Ç½±½¼²¶²±³ Â²±² ´³²¿: Ç±»¾² ¿·½¼²¶²± »º ñÀÉ¸¼Ä ½¸ 
»¾
j


































































































Ï²¸³·µ² ¼²½³´±²¼²¸¶³ Â²±² Æ½±±·²¿ »´¶ ´³·¸Ì ½ ³Æ±²ÂÍ¿±·Ã²¸ I¸³¶±»¸ ¼½Æ¹·¸² Â·¶¹ ½ 3ñÕ÷ µ»½¿ Æ²µµÀ 
÷
»±¼½µ·³²¿ ¶²¸³·µ² ³½¼Çµ²³Ä Â·¶¹ ½ Æ±»³³Í³²Æ¶·»¸ »º 3¼¼*î¼¼ ½¸¿ Ì½´Ì² µ²¸Ì¶¹ »º òñ¼¼Ä Â²±² 




























 4mm in diameter and the gauge length was 12mm. The 
extensometer gauge length was 10mm. The strain rate was ???? s . 
 
b  C	
 f AA98    % 
AA2198  Cu  Li  Mg  Ag  Zr  Al  
Min








  al  
Max  .5  1.1  0.  0.5  0.1  al  
 
. Results 
3.1 Precipitate microstructure evolution during the duplex ageing treatment 
The quantitative description o the T
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parameters and volume raction o the T

 phase was investigated using in-situ Small-ﬀngle ﬁ-Ray 
Scattering (SﬀﬁS), Dierential Scanning alorimetry (DS) and HﬀﬀDﬂ-STEM. ﬃn this section, we will 

riely summarise the main outcome o this previous study. The evolutions o the average thickness 
and diameter, volume raction and num

er density o the T







a unction o ageing time
.


























































































raction reaches a saturation value o 2.5!. ﬃt has previously een oserved that the average 
thickness o 2nm measured ater 1h at 155° + 70h at 10° actually consists o a distriution o T

 
thickness rom single layer to multi-layer precipitates
 [6].  
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3.3.1? Tensile tests 
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ÆøÈ õðÓÕÎÏ ÐÈÙ ùÒÎÊÛÜÔÎÌÕÒÍ êÊÍ êÌÍËÕÔÜÎÌÕÒÍ ÜúÊÔ êÊÍ ÌÝÞðÛÊÎûÍ üÌýÊÍÈ ùÒ Ù ÑÌÍËÕÔÜÎÌÕÒÍ ÊÎ êûüÕÛÝÜÎÌÕÒ 
ÞËÜÍÎÌþðÊÏ ïÛÜúÜËÍÏ ÞÞÈáàôâáåß äáåßåæ 
ÆßÈ èìÊÒíÏ îÈ ëÈÏ ÐÕÕËÊÏ éÈ ØÈÏ ßÝbðÛÓÏ ØÈ ÑÈÏ îËÕÓêÏ ÑÈ ØÈÙ ëÊÎÈ ÜÒê ëÜÎÈ TÛÜÒÍÈ ò ÇãòÏ ÆãßÇâÆãàá 
äÆóóÇæ 
ÆàÈ éÊÍÎÊÛÝÜÒÒÏ ùÈÏ  ÕÞÞÊÛÍÎÜêÏ OÈ ×ÈÏ  ÈÏ ëÈÏ  ÕËÝÊêÜËÏ ñÈÙ ëÜÎÈ ×ÔÌÈ ÜÒê ßÒíÈ ò ôÆãÏ áôáâáôß äÆóóåæ 
ÆåÈ 
öÛÌbÕðÛíÏ õÈÏ ñÛûÔìÊÎÏ ïÈÏ
 ÑÊÍÔìÜÝÞÍÏ òÈÏ ×ÌÝÜÛÏ òÈÙ òÔÎÜ ëÜÎÊÛÈ 
ôåÏ
 ÇøÆáâÇøÇô äÆóááæ 
ÇóÈ ×ÌÝÜÛÏ òÈÏ ñÛûÔìÊÎÏ ïÈÏ ÑÊ ëÊÊÍÎÊÛÏ ñÈÏ ÑÊÒþðÌÒÏ òÈÏ ÐÜÛêÕÊÒÏ TÈÙ òÔÎÜ ëÜÎÊÛÈ ôôÏ øáÇÇâøáãÇ äÆóóßæ 































ÇãÈ ñËÜÒÖÊÒÍìÌÞ ØÛÈÏ èÈ ÐÈÏ ×ÎÜÛÖÊ ØÛÈÏ ßÈ òÈÙ ëÊÎÈ TÛÜÒÍÈ ò ÆãòÏ àÇÇâàãá äáååÇæ 
Ç
ô








he aim of this part is to conduct a eneral discussion linkin the different chapters, to point out the 
possile limitations of approach and results and to propose possile directions for future ork. 
· Characterisation procedure for quantitative, systematic precipitate characterization 
he first step of our study as to propose a characterisation procedure for the 
1
 phase that permits 
the estimation of the morpholoical parameters (diameter and thickness) and of the 
1
 volume 
fraction. he validity of this characterisation procedure is critical as most of the experimental and 
modellin results presented in this thesis are hihly dependent on this first step. he evaluation of 
the diameter and thickness as performed y usin a method developed y De Geuser et al.; this 
method has already proven successful in previous studies. Hoever the consistency of the results 
otained as a function of the different parameters of the thermo-mechanical treatments investiated 
reatly increases the confidence of the validity of this procedure. he real innovation, in the method 
proposed, is on the estimation of the volume fraction. Contrarily to the case of isotropic spherical 
particles, usin the SAS technique to measure the 
1




difficult due to 
the anisotrop
y
of the sinal arisin from the stron te
x
ture of the AA298 allo
y.
 he estimation of 








As a result, 
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 Even if this technique is su

ject to a num


















permits a discontinuous evaluation of the volume fraction evolution
.  
Alternative techniques could e used to confirm the evolution as otained in DSC. 	or instance, 
preliminar
y






) have revealed that the 
1
 phase results in a measura

le 
peak close to that of the {} matri
x
 planes that evolves as a function of time of heat treatment
.
 
Such measurements could e performed in-situ durin heat treatments. he apparition of the 
1
-
phase has also een oserved durin dilatometry experiments, proaly linked to the chane in 













situ technique, althouh it is mostl
y
 limited to isothermal heat treatments due to the difficult
y
to 
account precisely for the sample dilatation durin temperature chanes. hese techniques could 

rin complementary information and confirm the evolution otained in DSC. Hoever, these 
















SAS (and therefore durin in
-







 plates (poder like samples). he elaoration of a sample of random texture, ith a rain size 






ould then result in an isotropic sinal in SAS, easier to analyse in 
terms of volume fraction
.
 
he characterisation procedure that e set up permits an estimation of the averae 
1
 
microstructural parameters, hich are sufficient for the model that e developed. Hoever, this 
method does not provide information on the spatial distriution of the precipitates. he 
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½¾¿ ¿ÀÀ¿ÁÂ ÃÀ Â¾¿ ÄÅÆÇÈ Â¿ÉÂÊÅ¿ ÃÈ Â¾¿ ÆÄ¿Ë¾ÆÅÌ¿ÈÇÈÄ Í¿¾ÆÎÇÃÊÅ ÇÏ ÇÈÎ¿ÏÂÇÄÆÂ¿Ì ÃÈ ÍÃÂ¾ Æ 
Å¿ÁÅÐÏÂÆÑÑÇÒ¿Ì ÆÈÌ ÆÈ ÊÈÅ¿ÁÅÐÏÂÆÑÑÇÒ¿Ì ÓÓÔÕÖ× ÆÑÑÃÐØ ½¾¿ ÄÅÆÇÈ Â¿ÉÂÊÅ¿ ÇÏ ÙÅÃÍ¿Ì ÚÇÂ¾ ÛÑ¿ÁÂÅÃÈ ÜÆÁÝ 
ÞÁÆÂÂ¿Å¿Ì
 ßÇÀÀÅÆÁÂÇÃÈ àÛÜÞßá ÇâÆÄÇÈÄ ÆÈÌ Â¾¿ ¿ÑÆÏÂÇÁ ÙÅÃÙ¿ÅÂÇ¿Ï ÆÅ¿ ÇÈÎ¿ÏÂÇÄÆÂ¿Ì ÑÃÁÆÑÑÐ ÍÐ Ù¿ÅÀÃÅâÇÈÄ 
ãÇÁÝ¿ÅÏ âÇÁÅÃË¾ÆÅÌÈ¿ÏÏ â¿ÆÏÊÅ¿â¿ÈÂÏØ ½¾¿ âÇÁÅÃË¾ÆÅÌÈ¿ÏÏ ÝÇÈ¿ÂÇÁÏ ÇÏ ÀÇÅÏÂ ¿ÉÆâÇÈ¿Ì ÆÈÌ Æ 
ÁÃâÍÇÈ¿Ì ÛÜÞß ÆÈÌ äÇÁÅÃË¾ÆÅÌÈ¿ÏÏ âÆÙÙÇÈÄ ÇÏ Â¾¿È Ù¿ÅÀÃÅâ¿Ì ÃÈ Æ Ï¿Ñ¿ÁÂ¿Ì ÏÂÆÂ¿ ÇÈ ÃÅÌ¿Å ÂÃ Å¿ÑÆÂ¿ 
Â¾¿ ÁÅÐÏÂÆÑÑÇÈ¿ ÃÅÇ¿ÈÂÆÂÇÃÈÏ ÂÃ Â¾¿ ÑÃÁÆÑ ÏÂÅ¿ÈÄÂ¾Ø Ó ÏÇÄÈÇÀÇÁÆÈÂÑÐ âÃÅ¿ ÙÅÃÈÃÊÈÁ¿Ì ¾¿Â¿ÅÃÄ¿È¿ÇÂÐ ÃÀ 
Â¾¿
 âÇÁÅÃË¾ÆÅÌÈ¿ÏÏ ÌÇÏÂÅÇÍÊÂÇÃÈ ÇÏ ÃÍÏ¿ÅÎ¿Ì ÃÈ Â¾¿ Å¿ÁÅÐÏÂÆÑÑÇÒ¿Ì ÏÙ¿ÁÇâ¿È ÆÏ ÁÃâÙÆÅ¿Ì ÂÃ Â¾¿ 
ÊÈÅ¿ÁÅÐÏÂÆÑÑÇÒ¿Ì ÏÙ¿ÁÇâ¿ÈØ ½¾¿ ¾¿Â¿ÅÃÄ¿È¿ÇÂÐ ÇÈ â¿Á¾ÆÈÇÁÆÑ ÙÅÃÙ¿ÅÂÇ¿Ï ÇÏ ÌÇÏÁÊÏÏ¿Ì ÇÈ Â¿ÅâÏ ÃÀ 








åæç èæçéêëìêçíæîïðíîñ èéçîèêçïè èæîè ðò óòóîññô îõõñðçö èë ðïöóòèéðîñ ÷ñìøðìùó îññëôò ðïúëñúçò î 
òóííçòòðëï ëû éëññðïü òèçõò èæîè éçòóñè ðï æðüæñô èçýèóéçö êçèîñ òæççèò þðèæ ñëïü çñëïüîèçö üéîðïò ßòçç 
íæîõèçé



































êðïðêóê ëû ôðçñö òèéçïüèæ ðò óòóîññô ûëóïö îè îbëóè  0° ûéëê èæç éëññðïü öðéçíèðëï; èæðò bçæîúðëóé íîï 








 bççï èæçëéçèðíîññô íëééçñîèçö èë èæç üéîðï èçýèóéç bô Dîúðçò çè îñ. [2]. åæç 








 õæîòç èæîè ûëéêò ðï èæç {111}
A
 õñîïçò. åæç å
 
 õéçíðõðèîèðëï ðò õéëêëèçö bô îõõñôðïü íëñö þëékðïü 
õéðëé èë èæç îüçìæîéöçïðïü èéçîèêçïè. åæç ðêõîíè ëû bëèæ èæç üéîðï èçýèóéç îïö èæç õéçíðõðèîèç 
êðíéëòèéóíèóéç ëï èæç îïüóñîé îïðòëèéëõô æîò bççï òèóöðçö bô Kðê îïö øçç ðï îï ÷÷2090 îññëô [3]. 






































îïüóñîé ôðçñö òèéçïüèæ úîéðîèðëïò þçéç òóííçòòûóññô éçñîèçö èë èæç íéôòèîññëüéîõæðí èçýèóéç. åæçô îñòë 











































vated resulting in  higher disloctions density in those 
èþë õñîïçò. Hëþçúçé, èæç öðòèéðbóèðëï ëû üéîðï ëéðçïèîèðëïò ðï èæç êîèçéðîñ ïëè ëïñô îûûçíèò èæç 
ïóê
b
çé ëû îíèðúîèçö òñðõ õñîïçò ðï çîíæ üéîðï,
b
óè êîô îñòë ðïûñóçïíç èæç òõîèðîñ öðòèéðbóèðëï ëû õñîòèðí 

































































































































































óèðëï ëû êðíéëìæîéöïçòò ðò èæçï öðòíóòòçö îò î ûóïíèðëï 




. Material and experimental procedure 

































èæðík þðèæ î ûóññô éçíéôòèîññðzçö üéîðï òèéóíèóéç. åæç òîêõñçò þçéç ûðéòè òëñóèðëï èéçîèçö ûëé 30 êðï îè 
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ûëññëþçö bô îï ðòëèæçéêîñ èéçîèêçïè îè 155°ù. åæç òîêõñçò þçéç qóçïíæçö ðïèë íëñö þîèçé îè 










???????????????????????????????????????????????????????????? ??????????????????????????????????????????????????????? ???????????? ??????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ??????????????????????????????????
????????????????????????????????????????????????????
????????????????????????????????????????????????????????????? ?????????????????????????????????????????????????????????????????? ???????????????????????????????? ?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ???????????????????????????????????????????????????????????????????????????????????????????????????????????? ????? ?????????????????????????????????????????????????????????????????????????????????????????????????? ???? ??? ??????? ? ???? ????? ??? ??????????????? ??????? ???? ???????? ????? ???? ??????????? ??????????????????????????????????????????????? ?????????????????????? ??????????????????????? ????????????????????????????????????? ???????????????????????????????????? ???????????????????????????????????????????? ??????????????????? ??????????????????????????????? ??????????????????????????????????????????????????? ????????????????? ????? ??? ???????? ????????? ??? ???????? ???? ????????? ?????????? ???? ???????????????????????????????????????????????????????????????????????????????????? ??? ????????????????????????????????????????????????? ???????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ????????????????????????????????????????????????? ??????????????????????????? ???????????????????????????????????????????????????????? ?????????? ????????????????????????????????????????? ?????? ?????? ?????? ??? ????? ??????????????????? ??? ?????? ??? ???????????? ???????? ???? ????????????????????? ???? ???????????????????? ???? ?????????? ???????????????
?
??????????? ???????????????????????????????????????? ??????????????????????? ????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ?????????????? ?????????????????????????????
?????
??? ????????? ?????????????? ???????










????????????????????????????????????????????? ???????????????????????????????????? ??????????? ????????????????????????????? ?????????????????????????? ???????????????????????????????? ????? ?????????????????????????????????????
??????????????
???? ?????????????? ??? ????????? ????????? ??? ???? ????? ??? ???? ??????????????? ????? ??? ?????????? ????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ??????????????????????????????????????? ??? ????????????????????????????????????????????????????????????????????????????? ?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ?????????????????????????????? ??????????????????????????????????????????? ????? ?????????????????????????????????????????????????????????????????????????????? ??????????????????????????????????????????????? ? ???????????????????????????????????????? ???????? ????? ???? ?????? ??? ???????? ?????????? ??? ???? ?????????? ????? ???????? ??? ??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ??? ??????????? ??? ???? ?????????????? ????????? ??? ??? ????????? ????? ???? ??????? ?????????? ??? ???????????? ?????? ??? ??????????? ???? ????????? ??? ??????????? ??????? ?????????? ????? ???????????? ?? ???????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ?????????????? ??????????? ??????? ??????? ????????????????????????? ??? ?????? ?????????????????????????????????????????????????????????? ??????????? ????????????????????????????????????????????? ?????????? ???? ???????? ??????? ?? ??? ???? ??????? ??? ??????????? ??? ????????? ??? ??????????????? ??? ????? ???????????????????? ????????? ??? ????????????? ??? ??????????? ???????????? ????? ??????????????????????? ????????? ???????????????? ??????? ?????????????????????????????? ???????????????? ???? ????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????? ????????????????????????????????????????????????????????????????????????????????????????? ????? ???? ????????????? ??? ????????? ???????? ?????????? ???????? ??????? ???? ????? ????? ????????????????????? ????????? ????? ???? ????? ????? ?? ???????????? ??? ????????? ?????????????? ???? ???????????????????????????????????? ??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
?????
???????? ?????????? ??? ?? ???????????? ????????????? ??? ???? ???????????? ???????? ???? ?????? ??? ??????????????????????????????








 Jaa   	
p   
ja  J: Ma  
 7 7 ﬀﬀﬁ 

 ﬂaﬃ G J G

!w"" ﬂ J a""! J : M #a $ 7$ ﬀ7ﬁ 
$
 








 ﬂ/ 6 ﬂ<amp  ﬂ G/  ﬂ










deformationofAl C Liallo s
 
T@F LNOQUXFY Z@QU@ Q\ ^Q\_XL`F^ Qf O@Q\ L__Ff^QxY ZL\ _v|XQ\@F^ Qf ~UOL LOFNQLXQLY XvF Y \\vF 






T@F QfXvFfUF  _NFUQ_QOLOQf f O@F _XL\OQU |F@LQvN Qf OZ ~XQv LXX`\ ZQO@ ^QFNFfO Qv NLOQ 

















^Q\XULOQf_NFUQ_QOLOF QfOFNLUOQf FU@LfQ\\ T@Q\ LNOQUXF ZL\ fO QfUXv^F^ Qf O@F UNF  O@F 
Lfv\UNQ_O L\ O@F LQf LvO@N Q\ ~XFxQ\ ©F\U@L_\ Lf^ \O  O@F NF\vXO\ v\F^ UF N L NFUFfO 
Ł@© ZNª LO O@F «~Ł XL|NLON` |` ¬ ©FUNFv\ ­ZFFNY O@F ­~~©®«T¯ |\FNLOQf\ ZFNF 



















ÎÏÈ±Ð¼ ÏÑÐ Ã¾´ÇÅÒË´ – ÓÑÔÎ – UJF, ÕÖ ×ØÙ ÚÛÜÝÞ ßà áâãàäå æçèéãêë ìêæêíÙ îãâåïê 
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precipitation behavior of the AA218 aoy hich is reativey iean (of the order of 1t%) is 































ater repaced by the 

 precipitates accompanied in smaer proportions by Crich G    




































10%. In parae to the presence of this phase a microstrctre simiar to that of the AA218 aoy
deveops namey consisting of 




























































































i is e Dnon to rest in panar sip ?10@. Ering fatige of binary Ai aoys very
intense ocaisation of pastic fo occrs ?1112@ and rests in the dissotion of the precipitates 
eaving precipitate free channes that favor frther ocaisation and fractre. he shearing of the dﬂ 
phase has been thoght to be at east partiay responsibe for the poor dctiity and ssceptibiity to 































































































have shon that the shearing of 

 precipitates as accompanied by a ocaised pasticity in the 









































































































herefore obtaining a cear pictre of the interaction beteen pasticity and precipitation in ACi 
aoys sti re	ires a better nderstanding of the respective roes of 

 and dﬂ ﬃ4#O'ﬃ'"!"#$> \7# 
present paper fooing the detaied stdy of the microstrctre of to ACi aoys by Eecres et 
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irst tensie data i be presented for an overa evaation of the strength and dctiity evotion 

























































aoy series in the recent past ?1B1@. hen e i present rests of aschinger tests hich 
provide information on the bidp of interna stresses dring pastic straining and reversa and are 
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. Precipitatemicrost ct resalongtheheattreatments




















 böön gúvön öûüöwõörö [8]. Hýwövör úø úü 
wýrøõ üußßùrúzúng øõö ßùún ýuøcýßöü þýr øõö purpýüö ýþ øõö currönø üøu÷y. ôõö ßùún cûuüøörúng /
















 AA2196 ùûûýy cýnøùúnü þúnö d’  ei itates t the ed ýþ øõö õöùøúng rùßp øý 155°C 
ùn÷ ÷urúng øõö þúrüø õýurü ùø øõúü øößpörùøurö, øõö cûuüøörü õùvö ÷úüüýûvö÷ ún øõö AA2198 ùûûýy, wõúûö 
ýnûy ù pùrøúùû ÷úüüýûuøúýn ýþ d has oed i the 	
 allo Sseqetl the T













 Cu-rich  (   !)  ﬀ ﬀﬁﬂ ﬃﬃﬂ   "ﬂﬀ ﬃﬃﬂ ﬀ 
øõúcknöüü ýþ øõö ô

 põùüö õùü ßýüøûy úøü ßúnúßùû vùûuö ýþ 1.3 nß wõúûö úøü ÷úùßöøör #uúckûy grýwü øý 















 AA2198 ùûûýy, ùn÷ øõúü ùûûýy ÷ýöü nýø 
pröüönø d  ﬀ  ﬀm ﬁﬃ ﬀ $$%&'* +ﬂﬀ7ﬂ7ﬃ ﬂ (ﬂﬀ ﬀﬀ ﬀ d  +ﬂﬀ7 
øý cýùrüön ùûýng wúøõ øõö pröcúpúøùøúýn ýþ ô





 <16õ ùø 155°C þýr øõö AA2198 ùûûýy ùn÷ 48õ ùø 155°C þýr øõö AA2196 ùûûýy; cýnüúüø 
ßýüøûy ún ô
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 Tensilere ltsand orkhardeningrateana sis




































































































































































































































çäßêàèÜèÝ ßäæà Üâ âÜãÜéäß æì æçäæ ìë æçà ÷øïî 
âæäæà


















































































qÞàèíçàê âäãùéà äëæàß á% ùéäâæÜí âæßäÜè âÜèíà æçà ÷øïî äééìõ çäâ bààè âæßàæíçàê æì æçÜâ äãìÞèæ ùßÜìß 
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there does not seem to be a simple relationship between an increase of precipitate thickness and a 
change in dislocation / precipitate interaction mechanism, as sheared 

 of relatively large thickness 
(several nm) have been observed in the literature before
  
. Conclusion 
In this work the plastic behaviour of two Al-Cu-Li alloys has been systematically investigated for a 











































-free he presence of d 
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
effect he main conclusions are summarized below: 
? Samples containing clusters or d 
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 Bauschinger effect 













 Bauschinger effect can be interpreted in terms of the 
presence of ordered precipitates or clusters in the microstructure  
? Samples containing 
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proposed that the shearing of 

 precipitates occurs by single shearing events, supposedly 
related to a high energy cost of a second shear on the same slip plane his peculiar feature 
of the precipitate shearing explains all the mechanical tests results, and particularly the good 
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ãäåæ çèêêëçìíèå îëìïèðñ ïäòë óëëå ôêèôèñëð íå èêðëê ìè çèêêëçì ìïë ñíõë ðíñìêíó÷ìíèå èø ñôïëêíçäù 
ôäêìíçùëñ úïëå èóñëêòëð íå ôêèûëçìíèå èå ä ôùäåë ñ÷êøäçë üýþßþ3]. A çèîôùëìë êëòíëú èø ìïëñë 
ðíøøëêëåì îëìïèðñ ïäñ óëëå ôêèôèñëð óæ Uåðëêúèèð ü4]. ãèñì çèêêëçìíèå îëìïèðñ ìïäì äôôùæ ìè 
ñôïëêíçäù ôäêìíçùëñ äùñè äôôùæ ìè ðíñç-ùíkë ôäêìíçùëñ ìïäì äêë ôëêôëåðíç÷ùäê ìè ìïë TEã ñäîôùë ü5] äåð 
ìïíñ íñ ìïë çäñë èø ìïë T
1
 ôùäìëñ úïëå èóñëêòëð íå ìïë ñ÷íìäóùë õèåë äxíñ. Tïë ëxíñìíåg çèêêëçìíèå 
îëìïèðñ äêë äùù óäñëð èå ìïë ñäîë ôêíåçíôùëñ. Tïë ðíäîëìëê èø ä ôäêìíçùë äñ èóñëêòëð íå ôêèûëçìíèå èå
 
ä TEã íîägë íñ ìïë êëñ÷ùì èø ëíìïëê ä ôäêìíçùë úïèñë çëåìêë íñ ùèçäìëð è÷ìñíðë ìïë TEã ñäîôùë 
(ôäêìíçùë 
ß
 äåð 3 íå Fíg÷êë 94) èê øêèî ä ôäêìíçùë úïèñë çëåìêë íñ ùèçäìëð íåñíðë ìïë ñäîôùë (ôäêìíçùë ý 
íå Fíg÷êë 94). Wïëå ìïë çëåìêë èø ìïë ôäêìíçùë íñ íåñíðë ìïë ñäîôùëþ ìïë ôêèûëçìëð ðíäîëìëê 
corresponds to the real diameter of the precipitate and when the centre is outside, the projection 
ðíøøëêñ øêèî ìïë êëäù ðíäîëìëê èø ìïë ôêëçíôíìäìë. Tïë ôêíåçíôùë èø ìïë çèêêëçìíèå îëìïèðþ ôêëñëåìëð 
íå ìïíñ ôäôëêþ íñ ìè íðëåìíøæ ìïë ôäêìíçùëñ úïèñë çëåìêëñ äêë ùèçäìëð íåñíðë ìïë ñäîôùë íå èêðëê ìè 
obtain a real diameter distribution   irst, the sizes that are measured in projection are divided into a 
å÷îóëê èø çùäññëñ èø ñíõë ?
.
 Tïë íåíìíäù äññ÷îôìíèå íñ ìè çèåñíðëê ìïäì ìïë ùäêgëê ôäêìíçùëñ ïäòë ìïëíê 
ø÷ùù ðíäîëìëê òíñíóùë íå ôêèûëçìíèå. Fèê çùäññëñ èø ñîäùùëê ôäêìíçùë ñíõëñþ ìïë ôêèûëçìíèå çäå äùñè êëñ÷ùì 
øêèî ä ñùíçíåg ëøøëçì çèîíåg øêèî ùäêgëê ôäêìíçùëñ. Iå èêðëê øèê ìïë çèêêëçìíèå ìè óë äçç÷êäìëþ Jëåñëå 
ü
5










DF-STEã íîägëñ ìäkëå èå ì
ú
è 
ðíøøëêëåì AAßý98 ñäîôùëñ ïëäì ìêëäìëð êëñôëçìíòëùæ ý8ï äì ý55°C äåð ý8ï äì ý55°C + 70ï äì ý90°C. 
W
ë úíùù ìïëå ñïèú ïèú ìè ëñìíîäìë ìïë T
1
 òèù÷îë øêäçìíèå øêèî ìïë çèêêëçìëð ñíõë ðíñìêíó÷ìíèåñ. Tïë 
íåøù÷ëåçë èø ìïë å÷îóëê èø ñíõë çùäññëñ èå ìïë çèêêëçìíèå ôêèçëð÷êë 
ú










íùù óë ÷ñëð äñ äå äùìëêåäìíòë
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ÔÕÖ ×ØÖÙÖÚÛÖÜ Ý ÙÞßßÖÙÙàÞá ßâØØÖßÛãâÚ äÖÛåâÜ âà ÛåÖ ÙãæÖ ÜãÙÛØãçÞÛãâÚ âà ÜãÙßÔáãèÖ ×ØÖßã×ãÛÝÛÖÙ ÝÙ 
measured éêëì íîï ðìñòóôõ íöðô ìó÷öëø ñùùëúû÷ô éëê ÷öó ôñìüýóþô ÷öðùßûóôôõ 
ÔNâ áÖÙÙ ÛåÝÚ ÚãÚÖ ÙãæÖ ßáÝÙÙÖÙ ÙåâÞáÜ çÖ ÞÙÖÜ àâØ ÛåÖ ßâØØÖßÛãâÚ äÖÛåâÜ Ûâ çÖ ÝßßÞØÝÛÖ.  
ÔTåÖ ßâäçãÚÖÜ ÞÙÖ âà TEM,   T ÝÚÜ C ×ÖØäãÛÙ ÛåÖ ÝßßÞØÝÛÖ ÖÙÛãäÝÛãâÚ âà ÛåÖ T
1
 vâáÞäÖ àØÝßÛãâÚ ãÚ 
ÛåÖ   298
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L’alliage AA!"#$ %&' (* +//;+<% à =(>?;&&%@%*' &'>(?'(>+/ q(; %&' B>;*?;B+/%@%*' (';/;&D BF(> =%& 
HIIKOQHWOXYZ H[\XYH]WO^]_Z` jH IxHZ_ HYOZXW\XI_ {
| } ~KjO] _ZW KH I\OYQOIHK_ IxHZ_ ]\QOZZHYW_ HYZ 
?% &&'è@%  F%?'; =% ?%''% D'(=% %&' =% ?F@B>%*=>% /%& @D?+*;&@%& =% =(>?;&&%@%*' _Y 
'%>@%& =;*'%>+?';F* =;&/F?+';F*&ŁB>D?;B;'D& HZZXQO[Z  KH IxHZ_ {
|




 B>%@;è>% D'+B% ?F*&;&'% +( =D%/FBB%@%*' =(*% @D'F=% =% ?+>+?'D>;&+';F* 
HHIW[_  KH IxHZ_ {
|
 ?+>+?'D>;&+';F* =( =;+@è'>% =% /DB+;&&%(> %' =% /+ >+?';F* F/(@;q(% =%& 
IKH^]_WW_Z` j_ W\HOW__YW Wx_\X[QHYO^]_ _ZW H]ZW[ HOY _ H\O_\ K_Z IH\HW\_Z _ KH IxHZ_ {
|
 
_ HYO\_ OY[I_YHYW_ _W K+ /;@;'% =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O_] QXI\_Y\_ K_ KO_Y _YW\_ KH OQ\XZW\]QW]\_ _ {
|
 %' /+ /;@;'% =D/+&';?;'D jH HZ_ _ XYY[_Z 
%BD>;@%*'+/% q(; %&' <D*D>D% B%>@%' =% '%&'%> %' =+@D/;F>%> /%& @F=è/%& =% /;@;'% =D/+&';?;'D 
_OZWHYWZ` Y_ HII\XQx_ [Y_\[WO^]_ ] [QHYOZ_ _ QOZHOKK__YW I_\_W _ X[KOZ_\ _ HYO\_
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_W§__Y Wx_ OZKXQHWOXYZ HY 
Wx_ {
|
 IKHW_}KO¨_ I\_QOIOWHW_Z` {x_ O\ZW ZW_I QXYZOZWZ OY Wx_ __KXI_YW X H QxH\HQW_\O©HWOXY 
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